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1999:83325 CAPLUS 
130:264522 

Role of lipopolysaccharide sialylation in serum 
resistance of serogroup B and C meningococcal disease 
isolates 

Vogel, Ulrich; Claus, Heike; Heinze, Gabriele; Frosch, 
Matthias 

Institut fur Hygiene und Mikrobiologie, Universitat 
Wurzburg, Wurzburg, 9708 0, Germany 
Infection and Immunity (1999), 67(2), 954-957 
CODEN: INFIBR; ISSN: 0019-9567 
American Society for Microbiology 
Journal 
English 

. alpha . -2 , 3 -Sialyl transferase 

mutants of 3 genetically and phenotypically diverse Neisseria 
meningitidis strains were compared with regard to resistance to 
human serum and systemic spread in the infant rat. Lipopolysaccharide 
sialylation was of minor importance for the resistance of serogroup B and 
C meningococcal disease isolates to complement attack. 
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AB Isolated nucleic acid molecules encoding polysialyl transferases, and 

the polysialyl transferases themselves are disclosed. SEQ ID NOS : 1, 2, 
7 and 8 present examples of these. The nucleic acid molecules and the 
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proteins can be used diagnostically or therapeutically. Additionally, 
antisense oligonucleotides and antibodies are described, which can also 
be used diagnostically or therapeutically. 
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TITLE: The (a2-»8) -linked polysialic acid capsule 

and lipooligosaccharide structure both contribute to 
the ability of serogroup B Neisseria 
meningitidis to resist the bactericidal 
activity of normal human serum 

Kahler, C. M. ; Martin, L. E. ; Shih, G. C. ; Rahman, M. 
M . ; Carlson, R. W.; Stephens, D. S. 
Department of Medicine, Emory University School of 
Medicine, Atlanta, GA, 30033, USA 
Infection and Immunity (1998), 66(12), 5939-5947 
CODEN: INFIBR; ISSN: 0019-9567 
American Society for Microbiology 
Journal 
English 

The mol . basis for the resistance of serogroup B Neisseria 
meningitidis to the bactericidal activity of normal human sera 
(NHS) was examined with a NHS-resistant , invasive serogroup B meningococcal 
isolate and genetically and structurally defined capsule-, 
lipooligosaccharide (LOS)-, and sialylation-altered mutants of the 
wild-type strain. Expression of the (a2->8 ) -linked polysialic 
acid serogroup B capsule was essential for meningococcal resistance to 
NHS. The very NHS-sensitive phenotype of acapsular mutants (99.9 to 100% 
killed in 10, 25, and 50% NHS) was not rescued by complete LOS sialylation 
or changes in LOS structure. However, expression of the capsule was 
necessary but not sufficient for a fully NHS-resistant phenotype. In an 
encapsulated background, loss of LOS sialylation by interrupting the . 
alpha. 2, 3 sialyl transferase gene, 

1st, increased sensitivity to 50% NHS. In contrast, replacement of the 
lacto-N-neotetraose a-chain (Gaipi-4GlcNAcpi-3Galpl- 

4Glc) with glucose extensions (GlcN) in a galE mutant resulted in a strain 
resistant to killing by 50% NHS at all time points. Encapsulated 
meningococci expressing a Hep2 (GlcNAc) ->KD02-*lipid A LOS 
without an a-chain demonstrated enhanced sensitivity to 50% NHS (98% 
killed at 3 0 min) mediated through the antibody -dependent classical 
complement pathway. Encapsulated LOS mutants expressing truncated 
Hep2^KD02->lipid A and KD02->lipid A structures were 

also sensitive to 50% NHS (98 to 100% killed at 30 min) but, unlike the 
wild-type strain and mutants with larger oligosaccharide structures, they 
were killed by hypogammaglobulinemic sera. These data- indicate that 
encapsulation is essential but that the LOS structure contributes to the 
ability of serogroup B N. meningitidis to resist the bactericidal activity 
Of NHS. 



REFERENCE COUNT: 



70 THERE ARE 70 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L7 ANSWER 90 OF 97 CAPLUS COPYRIGHT 2005 ACS on STN DUPLICATE 6 



ACCESSION NUMBER 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR (S) : 



CORPORATE SOURCE 



1998:510061 CAPLUS 
129:255694 

The synthesis of sialylated oligosaccharides using a 

CMP-Neu5Ac synthetase/sialyl trans f erase 

fusion 

Gilbert, Michel; Bayer, Robert; Cunningham, 
Anna -Marie,- DeFrees, Shawn; Gao, Yinghong; Watson, 
David C; Young, N. Martin; Wakarchuk, Warren W. 
Institute for Biological Sciences, National Research 
Council of Canada, Ottawa, ON, K1A 0R6, Can. 



SOURCE: Nature Biotechnology (1998), 16(8), 769-772 

CODEN: NABIF9; ISSN: 1087-0156 
PUBLISHER: Nature America 

DOCUMENT TYPE: Journal 
LANGUAGE : Engl i sh 

AB Large-scale enzymic synthesis of oligosaccharides, which contain terminal 
N-acetyl -neuraminic acid residues requires large amts. of the 
sialyltransf erase and the corresponding sugar-nucleotide 
synthetase, which is required for the synthesis of the sugar-nucleotide 
donor, CMP-Neu5Ac. Using genes cloned from Neisseria 
meningitidis/ we constructed a fusion protein that has both 
CMP-Neu5Ac synthetase and .alpha. -2,3- 

sialyltransf erase activities. The fusion protein was produced in 
high yields (over 1200 U/L, measured using an .alpha. -2 
, 3 -sialyltransf erase assay) in Escherichia coli and 

functionally pure enzyme could be obtained using a simple protocol. In 
small-scale enzymic syntheses, the fusion protein could sialylate various 
oligosaccharide acceptors (branched and linear) with N-acetyl -neuraminic 
acid as well as N-glycolyl- and N-propionyl -neuraminic acid in high 
conversion yield. The fusion protein was also used to produce . 
alpha . -2 , 3 -sialyllactose at the 100 g scale 

using a sugar nucleotide cycle reaction, starting from lactose, sialic 
acid, phosphoenolpyruvate, and catalytic amts. of ATP and CMP. 
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CORPORATE SOURCE: . Genentech, 1 DNA Way, South San Francisco, CA 94080, USA 
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. ISSN: 1087-0156. 
DOCUMENT TYPE: Journal 
TREATMENT CODE: General Review 

FILE SEGMENT: W3 
LANGUAGE : Engl i sh 

AB The synthesis of complex carbohydrates can often seem a daunting task. It 
requires not only a series of complex chemical syntheses, but- also 
meticulous attention to the proper stereochemical orientation of the sugar 
molecules at each step of the process. Even a simple carbohydrate composed 
of four different sugar units has an estimated 34,560 possible isomeric 
variations. Creating a simple glycan molecule is thus a Herculean 
challenge for all but the most daring of synthetic chemists. In this 
issue, help may be on the way in the form of a novel enzymatic approach 
described by Gilbert and coworkers. They show that their bifunctional 
enzyme, a fusion of two microbial enzymes, can both simplify the 
production and purification of reagent enzymes and facilitate 
oligosaccharide synthesis. 
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DOCUMENT NUMBER: 129:174408 

TITLE: Structure of an ct-2 , 6-sialylated 

lipooligosaccharide from Neisseria 

meningitidis immunotype LI 
AUTHOR (S) : Wakarchuk, Warren W.; Gilbert, Michel; Martin, Adele; 

Wu, Yuyang; Brisson, Jean-Robert; Thibault, Pierre; 

Richards, James C. 

CORPORATE SOURCE: Institute for Biological Sciences, National Research 

Council of Canada, Ottawa, ON, K1A 0R6, Can. 

SOURCE: European Journal of Biochemistry (1998), 254(3), 

626-633 



CODEN: EJBCAI; ISSN: 0014-2956 
PUBLISHER: Springer- Verlag 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The recent cloning of the lipooligosaccharide (LOS) .alpha. - 
2 , 3-sialyltransferase from Neisseria 

meningitidis immunotype L3 permitted us to examine other 

immunotypes for this structural gene. We identified the gene and measured 
the enzyme activity in the LI immunotype strain which had previously been 
reported to lack sialic acid in its LOS because it contains a terminal 
a-1 inked galactose which was thought not to be an acceptor for the 
sialyl transferase. This finding prompted us to re-examine the 
structure of the LOS from the LI immunotype, which revealed the presence 
of sialic acid on the terminal a-linked galactose. Oligosaccharides 
derived from the LOS were shown to be sialylated by composition and methylation 
anal., mass spectrometry and NMR. The detailed structural anal, showed 
the sialic acid to occur only at 06 of the terminal cc-D- 
galactopyranose residue of the a-D-Gal-1 , 4 -p-D-Gal-1 , 4 -p-D- 
glc trisaccharide (Pk epitope) chain of the LOS, in the a-D 
configuration. These data are the first report of an a-2,6-linked 
sialic acid in a bacterial LOS or lipopolysaccharide, and also the first 
report of a sialylated Pk epitope. 
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Cloning and substrate specificity of Neisseria 
recombinant .alpha. -2,3- 
sialyl trans f erases 

Gilbert, Michel; Wakarchuk, Warren W. ; Young, N. 

Martin; Jennings, Michael P. 

National Research Council of Canada, Can. 

PCT Int. Appl . , 50 pp. 
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Patent 

English 
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APPLICATION NO. 

WO 1997-CA390 

FR, GB, GR, IE, IT, 
US 1997-872485 
CA 1997-2256645 
EP 1997-923695 
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DATE 



19970610 
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19970607 
19970610 
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SE, IE, FI 
JP 1997-526320 19970610 
US 1999-387942 19990901 
US 1996-19520P P 19960610 

US 1997-872485 A 19970606 

WO 1997-CA390 W 19970610 

AB The structure and specificity of the recombinant -alpha. - 
2, 3 -sialyltransf erases from Neisseria spp. are 
disclosed. The genes encoding the -alpha- -2,3 

-sialyltransf erases involved in lipooligosaccharide biosynthesis 
from N. meningitidis and N. gonorrhoeae were cloned and expressed in 
Escherichia coli. A high sensitivity enzyme assay using a synthetic 
fluorescent glycosyltransf erase acceptor and capillary electrophoresis was 



used to screen a genomic library of N. meningitidis MC58 L3 in a "divide 

and conquer" strategy. The gene, denoted 1st, was found on a 2.0-kb 

fragment of .DNA, and its sequence was determined and then used to design probes 

to amplify and subsequently clone the corresponding 1st genes from N. 

meningitidis 4 06Y L3 , N . meningitidis M982B L7, and N. gonorrhoeae F62 . 

Functional sialyltransf erase was produced from the genes derived 

from both L3 N. meningitidis strains and N. gonorrhoeae F62 . -However, the 

N. meningitidis M982B L7 gene contained a frameshift mutation that renders 

it inactive. The expression of the 1st gene was easily detected using the 

enzyme assay, and the protein expression could be detected when an 

immunodetection tag was added to the C-terminal end of the protein. Using 

the synthetic acceptor N-acetyllactosamineaminophenyl-6- (5- (f luorescein- 

carboxamido) -hexanoic acid amide), the .alpha- -2, 

3-specif icity of the enzyme was confirmed by NMR examination of the 
reaction product. The enzyme could also use synthetic acceptors with 
lactose or galactose as the saccharide portion. The use of the enzymes in 
the production of desired carbohydrate structures is also provided. 
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Purification and characterization of the recombinant 
CMP-sialic acid synthetase from Neisseria 
meningitidis 

Gilbert, Michel; Watson, David C. ; Wakarchuk, Warren 
W. 

Inst. Biological Sci., National Res 
Ottawa, ON, K1A 0R6 , Can. 
Biotechnology Letters (1997), 19(5) 
CODEN: BILED3; ISSN: 0141-5492 
Chapman and Hall 
Journal 
English 

CMP-Sialic acid synthetase from Neisseria meningitidis 

406Y was expressed in Escherichia coli K113 pLysS and produced at 360 U/L. 
The purified CMP-sialic acid synthetase used both N-acetyl -neuraminic acid 
(Km=0.34 mM) and N-glycolyl -neuraminic acid (Km=2.6mM) as substrates. The 
recombinant synthetase could be used in a coupled reaction with an . 
alpha . -2 , 3 -sialyltransf erase to 

sialylate a lactose derivative in a one-reactor synthesis. 
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TITLE: Characterization of a recombinant Neisseria 

meningitidis . alpha . -2 , 
3 -sialyltransf erase and its acceptor 
specificity 

Gilbert, Michel; Cunningham, Anna-Maria; Watson, David 
C; Martin, Adele; Richards, James C. ; Wakarchuk, 
Warren W. 

Institute for Biological Sciences, National Research 
Council of Canada, Ottawa, ON, K1A 0R6, Can. 
European Journal of Biochemistry (1997), 249(1), 
187-194 

CODEN: EJBCAI; ISSN: 0014-2 956 
Springer 
Journal 
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The structure and specificity of the recombinant . alpha. - 
2 , 3 -sialyltransf erase from Neisseria 



AUTHOR (S) 
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SOURCE : 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



meningitidis are reported. This enzyme showed an unusual acceptor 
specificity in that it could use a-terminal and p-terminal Gal 
residues as acceptors. In addition (pl^4) -linked and 

(pl->3) -linked terminal Gal served as acceptors. These 
properties distinguish the bacterial enzyme from the more widely 
investigated mammalian equivalent The protein was expressed as a 
membrane-associated protein in Escherichia coli at a level of 750 U/l 

(»250 mg/1) . The protein could be extracted with buffers containing 0.2% 
Triton X-100 and purified to homogeneity using immobilized-metal -affinity 
chromatog. Electrospray-ionization mass spectrometry of peptides obtained 
by cleavage with cyanogen bromide and trypsin confirmed over 95% of the 
deduced amino acid sequence. When used for enzymic synthesis in coupled 
reactions with recombinant CMP-Neu5Ac synthetase, the . alpha- - 
2, 3 -sialyl transferase could sialylate 

fluorescent derivs . of N-acetyllactosamine with N-acetylneuraminic acid, 
N-propionylneuraminic acid and N-glycoloylneuraminic acid. 
REFERENCE COUNT: 29 THERE ARE 29 CITED REFERENCES AVAILABLE FOR THIS 
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TITLE: Functional characterization of an isogenic 

meningococcal .alpha. -2,3 
-sialyltransf erase mutant: the role of 
lipooligosaccharide sialylation for serum resistance 
in serogroup B meningococci 

AUTHOR (S) : Vogel, U.; Claus , Heike; Heinze, Gabriele,-* Frosch, 

Matthias 

CORPORATE SOURCE: Institut fur Hygiene und Mikrobiologie, Universitat 

Wurzburg, Josef -Schneider-Strasse 2, Wurzburg, 
D- 97080, Germany 

SOURCE: Medical Microbiology and Immunology (1997), 186(2-3), 

159-166 

CODEN: MMIYAO; ISSN: 0300-8584 

PUBLI SHER : Springer 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB The neisserial . alpha. -2,3- 

sialyltransf erase, which is encoded by the 1st gene, terminally 
links sialic acid to the lacto-N-neotetraose residue of neisserial 
lipooligosaccharide (LOS) . We used the recently published nucleotide 
sequence of the neisserial 1st gene to construct an isogenic serogroup B 
meningococcal 1st mutant by insertion of a kanamycin resistance gene. The 
resulting 1st mutant expressed the unsialylated lacto-N-neotetraose 
structure. Using bactericidal assays and an infant rat model of 
meningococcal infection, we were able to demonstrate that 1st mutation, in 
contrast to galE mutation, which results in a truncated LOS , or to siaD 
mutation, which results in loss of the capsule, neither had an effect on 
resistance to normal human serum, nor did it impair the ability of 
meningococci to spread systemically in the non-immune host. The 1st 
mutant was serum resistant despite of the fact that the central factor of 
complement activation, C3b, was deposited on the 1st mutant as efficiently 
as it was on the galE mutant. Thus, the terminal sialic acid residue 
linked to the wild-type LOS inhibited C3b deposition on the meningococcus. 
However, in contrast to the galE mutant, where C3b deposition is promoted 
by IgM binding, the 1st mutant's surface is not a target for IgM mols. 
Thus, the lacto-N-neotetraose residue of neisserial LOS alone, without the 
presence of terminal sialic acid, is sufficient to block IgM epitopes 
either on the LOS itself, or on other surface mols. Our data provide 
further insight into the complex interplay of capsular and LOS sialic 
acids in serogroup B meningococci with host effector mechanisms, and 
suggest that LOS sialylation in meningococci is of a less central 



✓ 



importance as it is in gonococci. 
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AB The genes encoding the . alpha. -2,3- 

sialyltransferases involved in lipooligosaccharide biosynthesis 

from Neisseria meningitidis and Neisseria gonorrhoeae 

have been cloned and expressed in Escherichia coli. A high sensitivity 

enzyme assay using a synthetic fluorescent glycosyltransf erase acceptor 

and capillary electrophoresis was used to screen a genomic library of N. 

meningitidis* MC58 L3 in a "divide and conquer" strategy. The gene, 

denoted 1st, was found on a 2.0-kilobase fragment of DNA, and its sequence 

was determined and then used to design probes to amplify and subsequently clone 

the corresponding 1st genes from N. meningitidis 406Y L3, N. meningitidis 

M982B L7, and N. gonorrhoeae F62 . Functional sialyl transferase 

was produced from the genes derived from both L3 N. meningitidis strains 

and the N. gonorrhoeae F62 . However, the N. meningitidis M982B L7 gene 

contained a frameshift mutation that renders it inactive. The expression 

of the 1st gene was easily detected using the enzyme assay, and the 

protein expression could be detected when an immunodetection tag was added 

to the COOH-terminal end of the protein. Using the synthetic acceptor 

N-acetyllactosamineaminophenyl-6- (5- (f luorescein-carboxamido) -hexanoic 

acid amide), the .alpha. -2 ,3-specif icity of 

the enzyme was confirmed by NMR examination of the reaction product. The 
enzyme could also use synthetic acceptors with lactose or galactose as the 
saccharide portion. This study is the first example of the cloning, 
expression, and examination of .alpha- -2,3- 
sialyltransferase activity from a bacterial source. 
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The lipo-oligosaccharide (LOS) biosynthesis loci from 11 
Campylobacter jejuni strains expressing a total of 8 
different ganglioside mimics in their LOS outer cores were compared. 
Based on the organization of the genes, the 11 corresponding loci could be 
classified into 3 classes, with one of them being clearly an intermediate 
evolutionary step between the other two. Comparative genomics and 
expression of specific glycosyl transferases combined with in vitro 
activity assays allowed identification of >5 distinct mechanisms 
that allow C. jejuni to vary the structure of the LOS outer core as 
follows: (1) different gene complements; (2) phase variation because of 
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homopolymeric tracts; (3) gene inactivation by the deletion or insertion 
of a single base (without phase variation) ; (4) single mutation leading to 
the inactivation of a glycosyltransf erase; and (5) single or multiple 
mutations leading to "allelic" glycosyltransf erases with different 
acceptor specificities. The differences in the LOS outer core structures 
expressed by the 11 C. jejuni strains examined can be explained by one or 
more of these 5 mechanisms . 
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AB The LI immunotype strain 126E of Neisseria meningitidis has been shown 

to have an N-acetyl -neuraminic acid-containing lipooligosaccharide in 
which an alpha -linked galactose from a pk epitope is substituted at the 
06 position (Wakarchuk, W, W, , Gilbert, M, , Martin, A., Wu, Y, , Brisson, 
J, R, , Thibault, P, , and Richards, J,. C, (1998) Eur. J, Biochem. 254, 
626-633), Using a synthetic pk-epitope containing acceptor in 
glycosyltransf erase reactions, we were able to show by NMR analysis of the 
reaction product that the 126E (LI) -derived sialyltransf erase can 
make both alpha -2,3 and alpha -2,6 linkages 

to - the terminal galactose, Gene disruption experiments showed that the 1st 
gene in 126E(L1) was responsible for the in vivo addition of the alpha 
-2,6-linked N-acetyl -neuraminic acid residue. By site-directed mutagenesis 
it was possible to change the MC58 (L3) -derived enzyme into a bifunctional 
enzyme with a single amino acid change at position 168, where a glycine 
was changed to an isoleucine. We performed a gene replacement experiment 
where the 126E(L1) alpha -2,3/6- 

sialyltransf erase was replaced by allelic exchange with the 
mono functional MC58(L3) alpha -2,3- 

sialyltransf erase and with the mutant MC58 (L3.) allele G168I, We 
observed that the level of LOS sialylation with the G168I allele was very 
similar to that of the wild type 126E(L1), indicating that residue 168 is 
the critical residue for the alpha -2 , 6-sialyltransf erase 
activity in vitro as well as in vivo. 
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This invention provides prokaryotic glycosyltransf erases , including a 
bi functional sialyltransf erase that has both an .alpha - 
.2,3- and an a2,8- activity. A pi,4-GalNAc 

transferase and a pl,3-galactosyltransferase are also provided by the 
invention, as are other glycosyltransf erases and enzymes involved in 
synthesis of lipooligosaccharide (LOS) . The glycosyltransf erases can be 
obtained from, for example, Campylobacter species, including C. jejuni. 
. In addnl . embodiments, the invention provides nucleic acids that encode 
the glycosyltransf erases, as well as expression vectors and host cells for 
expressing the glycosyltransf erases . 
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AB We have applied two strategies for the cloning of four genes responsible 
for the biosynthesis of the GTla ganglioside mimic in the 
lipooligosaccharide (LOS) of a bacterial pathogen, Campylobacter 
jejuni OH4384, which has been associated with Guillain-Barre 
syndrome. We first cloned a gene encoding an .alpha- -2 
, 3 -sialyl transferase (cst-I) using an activity 

screening strategy. We then used nucleotide sequence information from the 
recently completed sequence from C. jejuni NCTC 11168 to amplify a region 
involved in LOS biosynthesis from C. jejuni OH4384. The LOS biosynthesis 
locus from C. jejuni OH4384 is 11.47 kilobase pairs and encodes 13 partial 
or complete open reading frames, while the corresponding locus in C. 
jejuni NCTC 11168 spans 13.49 kilobase pairs and contains 15 open reading 
frames, indicating a different organization between these two strains. 
Potential glycosyl trans f erase genes were cloned individually, expressed in 
Escherichia coli, and assayed using synthetic fluorescent oligosaccharides 
as acceptors. We identified genes encoding a 0-1, 4 -N- 
acetylgalactosaminyltransf erase (cgtA) , a 0-1 , 3-galactosyltransf erase 
(cgtB) , and a bifunctional sialyltransf erase (cst-I I) , which 
transfers sialic acid to 0-3 of galactose and to 0-8 of a sialic acid that 
is linked .alpha- -2, 3- to a galactose. The 

linkage specificity of each identified glycosyltransf erase was confirmed 
by NMR anal, at 600 MHz on nanomole amts. of model compds . synthesized in 
vitro. Using a gradient inverse broadband nano-NMR probe, sequence 
information could be obtained by detection of 3J(C,H) correlations across 
the glycosidic bond. The role of cgtA and cst-I I in the synthesis of the 
GTla mimic in C. jejuni OH4384 were confirmed by comparing their sequence 
and activity with corresponding homologs in two related C. jejuni strains 
that express shorter ganglioside mimics in their LOS. 
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The invention provides DNA mols. that encode gene cst-I lipopolysaccharide 
.alpha. -2,3 sialyltransf erase of 

Campylobacter jejuni. The DNA sequence of C. jejuni 

gene cst-I, as well as the corresponding amino acid sequence of 

lipopolysaccharide . alpha --2,3 

sialyltransf erase are claimed. The invention also provides 
methods for the recombinant production of lipopolysaccharide .alpha 
.-2,3 sialyl transferase in prokaryotic and 

eukaryotic cells. The invention further provides the specificity of the 

C. jejuni lipopolysaccharide .alpha. -2, 3 

sialyltransf erase. The C. jejuni lipopolysaccharide . 

alpha- -2,3 sialyltransf erase uses 

terminal galactose acceptors that are p-(l-»4) linked to either 
glucose or N-acetylglucosamine. The enzyme also uses terminal galactose 
acceptors that are p-(l->3) linked to N-acetylglucosamine or 
.N-acetylgalactosamine. The enzyme uses cytidine monophosphate-N- 
acetylneuraminic acid (CMP-Neu5Ac) as the donor. The broad acceptor 
specificity of lipopolysaccharide .alpha. -2,3 

sialyltransf erase encoded by cst-I demonstrates its utility and 
makes it an attractive tool for chemo-enzymic synthesis of sialylated 
oligosaccharides. 
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As part of our program to design, develop and prepare protective vaccines 
against the bacterial pathogens Group B Streptococcus, we report the 
synthesis of a disialylated hexasaccharide. This hexasaccharide 
represents a portion of the serotype-specif ic capsular polysaccharide of 
Type VIII that has the tetrasaccharide repeat unit [beta-L-Rhap- (l-->4) - 
beta-D-Glcp- (l-->4) - [alpha-Neu5Ac- (2--> 3)]-beta-D- Galp- (l-->4) ] n. A 
tetrasaccharide corresponding to this repeat unit has been synthesized by 
us [E. Eichler, H.J. Jennings, D.M. Whitfield, J. Carbohydr. Chemical, 
16 (1997) 385-411] . Since the protective epitopes are believed to involve 
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AB 



several repeat units, methods to extend this tetrasaccharide were 
examined. This objective requires a glycosylation of the unreactive OH-4 
of the beta-L-Rhap, which was accomplished by coupling a D-Galp glycosyl 
trichloroacetimidate donor with a beta-L-Rhap- (l-->4) -D-Glcp acceptor. 
Subsequent coupling of this trisaccharide as a donor to an 
alpha-NeuBAc- (2- ->3) -D-Galp disaccharide acceptor gave a pentasaccharide. 
The pentasaccharide was deprotected and enzymatically sialylated using an 
alpha- (2-->3) -sialyltransf erase from 

Campylobacter jejuni to give the title hexasaccahride 

alpha-Neu5Ac- (2-->3) - beta-D-Galp- (l-->4) -beta-L-Rhap- (l-->4) -beta-D-Glcp- 
(l-->4) - [alpha -Neu5Ac- (2-->3) ] -beta-D-Galp- (l-->0) - (CH2) 3N3 . 
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AB The structure and specificity of the recombinant ct-2,3- 

sialyltransf erases from Neisseria spp, are disclosed. Their use 

in the production of desired carbohydrate structures is also provided. 
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AB Described is a method of production of saccharides containing sialic acid, 
wherein 

p-galactoside- . alpha. -2, 6- 

sialyltransf erase is used for linking sialic acid to the 

6-position of a galactose residue in a sugar chain of a glycoconjugate or 
the 6-position of a galactose residue in a free sugar chain, or to the 
6-position of a monosaccharide having an OH group at C6 and being capable 
of forming an oligosaccharide or a glycoconjugate. 
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Sialyltransf erase 0160, a bacterial sialyltransf erase 
which catalyzes the incorporation of NeuAc from CMP-NeuAc into the 
galactose residue of the carbohydrate chain at position 6, is produced by 
Photobacterium damsela JT0160. The gene coding for 
sialyltransf erase 0160 (bst) was cloned, sequenced-, and its signal 
sequence identified. 
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AB Sialyltransf erase 


0160, a 


bacterial 
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which catalyzes the incorporation of NeuAc from CMP-NeuAc into the 
galactose residue of the carbohydrate chain at position 6, is produced by 
Photobacterium damsela JT0160. The gene coding for 
sialyltransferase 0160 (bst) was cloned, sequenced, and expressed 



in Escherichia coli. Claimed is a method for the recombinant preparation of 
the enzyme. v 
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AB The gene for a novel 675-amino-acid p-galactoside-. alpha- 
2, 6-sialyltransf erase is isolated from 
Photobacterium damsela strain JT0160 and expressed in 

Escherichia coli. Claimed are the signal sequence encoding the signal 
peptide (amino acids 1-15) of the enzyme, the soluble form of the enzyme 
(amino acids 16-498) ,' and a recombinant method for the preparation of the 
enzyme-. 



L4 / ANSWER 27 OF 32 USPATFULL on STN 




ACCESSION NUMBER 
TITLE: 



INVENTOR (S) : 



PATENT ASSIGNEE (S) : 



PATENT INFORMATION: 
APPLICATION INFO. : 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL • REPRESENTATIVE : 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 
CAS 
AB 



1998 : 131590 USPATFULL 
P-galactoside- . alpha . -2 , 
6 -sialyl transferase, and a process 
for producing from Photobacterium 
Yamamoto, Takeshi, Kanagawa, Japan 
Nakashizuka, Motoko, Kanagawa, Japan 
Terada, Ichiro, Osaka, Japan 
Kodama-, Hisashi, Tokyo, Japan 

Japan Tobacco Inc., Tokyo, Japan (non-U. S. corporation) 



NUMBER 



KIND 



DATE 



(8) 



US 5827714 19981027 
US 1996-739015 19961028 
Utility 
Granted 
Weber, Jon P. 

Birch, Stewart, Kolasch & Birch, LLP 

12 

1 

9 Drawing Figure (s) ; 9 Drawing Page(s) 
786 



INDEXING IS AVAILABLE FOR THIS PATENT. 
A P-galactoside-. alpha- -2,6- 



sialyltransf erase derived from a microorganism belonging to the 
genus Photobacterium has ben disclosed, having the following 
physicochemical properties: 

(1) action and specificity: transferring sialic acid from cytidine 
monophosphate-sialic acid to the 6-position of a galactose residue in a 
sugar chain of a glycocon jugate or in a free sugar chain, or to the 
6-position of a monosaccharide having a hydroxyl group on carbon at the 
6-position and being capable of forming a glycoconjugate. 

(2) optimum pH: 5 to 6; 

(3) optimum temperature: 30° C; and 

(4) molecular weight: 64,000+5,000 (determined by gel filtration). 
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AUTHOR(S): Yamamoto, Takeshi; Nagae, Hideki; Kajihara, Yasuhiro; 

Terada, Ichiro 

CORPORATE SOURCE: Sea Water Science Research Laboratory, Japan Tobacco 

Inc. , Kanagawa, 256, Japan 
SOURCE: Bioscience, .Biotechnology, and Biochemistry (1998), 

62(2), 210-214 

CODEN: BBBIEJ; ISSN: 0916-8451 

PUBLISHER: Japan Society for Bioscience, Biotechnology, and 

Agro chem i s t ry 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB To supply . alpha. 2,6- 

sialyltransf erase for the large-scale synthesis of sialoside, the 

authors investigated culture conditions for the production of 

sialyltransf erase 0160. The addition of galactose and beef extract and 

control of the pH of the culture medium were effective on the production of 

sialyltransf erase 0160. The maximal enzyme productivity reached 

550 units/L. Using a crude extract of Photobacterium 

damsela JT0160 cells as an enzyme source, enzymic syntheses were 

performed with mono- and di-saccharides as the sialyl acceptors. It was 

clarified that a crude extract of P. damsela JT0160 cells can be used as an 

synthetic -catalyst for the enzymic synthesis of sialyloligosaccharides. 

Furthermore, the enzyme assay showed that sialyltransf erase 0160 

could transfer NeuAc to not only N-linked but also O-linked carbohydrate 

chains. These results indicated that an abundant supply of 

sialyltransf erase 0160 and its broad specificity make possible the 

synthesis of sialoside on a large scale. 
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DOCUMENT TYPE: Journal 
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AB Sialyl transferase 0160, a bacterial sialyl transferase 

which catalyzes the incorporation of NeuAc from CMP-NeuAc into the 

galactose residue of the carbohydrate chain at position 6, is produced by 

Photobacterium damsela JT0160. The gene coding for 

sialyltransf erase 0160 (bst) was cloned, sequenced, and expressed 

in Escherichia coli. The sialyltransf erase 0160 gene contains 

an open reading frame of 2,028 base pairs encoding a protein of 675 amino 

acid residues. The deduced amino acid sequence of 

sialyltransf erase 0160 did not contain the sialylmotif and had no 

significant similarity to mammalian sialyltransf erases . Crude 

exts. of cultured E . coli MV1184 cells carrying an expression plasmid for 

the sialyltransf erase 0160 gene showed sialyltransf erase 

activity, which was identified as p-galactoside . alpha- 

2, 6 -sialyltransf erase activity by enzymic 

reaction product anal . In addition, when mutant genes, lacking 3 1 -coding 
regions for COOH-terminal portions of the protein, which are thought to 
form a-helix structures, were expressed in E. coli MV1184, soluble-form, 
enzymes were obtained. This implies that the COOH-terminal portion of 
sialyltransf erase 0160 is required for membrane binding. 
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A method for the preparation of p-galactoside-. 
, 6 -sialyl transferase from the culture of 
Photobacterium damsela strains JT0160, ATCC 3353 9, and 
ATCC 35083 is disclosed. The enzyme prepared from P. damsela 
exhibits a pH optimum 5, temperature optimum 30° , pi 4.6, and mol . 
61,000 by SDS-PAGE or 64,000 by gel filtration. Manufacture of 
sialylmethyl -p-D-N-acetyllactosamine from methyl -0-D-N- 
acetyllactosamine in the presence of the enzyme was demonstrated. 
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Fucosyl and Sialyl Trisaccharides 

Kajihara, Yasuhiro; Yamamoto, Takeshi; Nagae, Hideki; 
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Department of System Function, Yokohama City 
University, Yokohama, 236, Japan 
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Journal 
English 

The substrate specificity and enzymic sialylation ability of the bacterium 
. alpha. -2 , 6 -sialyl trans f erase were 

examined The enzyme assay displayed a remarkable ability to catalyze sialyl 
transfer to type-II oligosaccharides possessing fucosides or sialosides at 
the 2 or 3 position of the terminal galactoside. Enzymic syntheses were 
performed to confirm the structure of unusual assay products found when 
using Neu5Ac (32 , 3Gal01 , 4Glc and Fuc al , 2Gaipi , 4Glc as 

the sialyl acceptors. Both sialylation reactions (10 u-mol scales) were 
run using 83 munits of enzyme, were complete in 2 h, and afforded the 
sialoside analogs Neu5Ac . alpha . 2 , 6 (Fuc 
al,2) Gaipi,4Glc (88%) and Neu5Ac . alpha. 2, 
6(Neu5Ac p2,3) Gaipi,4Glc (92%). 
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TITLE: Purification and characterization of a marine 

bacterial p-galactoside . alpha. 
2 , 6 -sialyltransf erase from 
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Journal 
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A bacterial sialyltransf erase, designated 

sialyltransf erase 0160, was purified from a marine bacterium that 
had been isolated from seawater from Sagami Bay, Kanagawa. This strain 
was identified as P. damsela, and designated P. damsela JT0160. 
Sialyltransf erase 0160 was purified 688-fold to homogeneity from 
the crude extract of the cells with a yield of 19% using a combination of 
anion- exchange chromatog., hydroxy lapatite chromatog., gel filtration 
chromatog., and affinity chromatog. The purified enzyme migrated as a 
single band (61 kDa) in SDS-PAGE. This sialyltransf erase was 
found to be a p-galactoside . alpha- 2,6- 

sialyltransf erase (EC 2.4.99.1), which catalyzes the incorporation 
of NeuAc from CMP-NeuAc into the galactose residue of the carbohydrate 
chain at position 6, on the basis of an anal, of the enzymic reaction 
products with HPLC, 1H-NMR, 13C-NMR spectroscopy, and fast atom 
bombardment mass spectroscopy. 
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